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(54) An encoding method and apparatus 

(57) An apparatus for the encoduig of a series of 
wavetei coefficients of a predetermined size into a com- 
pact representation of the coefficients is disclosed, the 
apparatus comprisng tree building means for construct- 
ing a tree form representation of the coefficients with teal 
nodes representing coefficient values and internal 
nodes represenung the number of bits needed to en- 
code leaf nodes and child nodes of a current internal 
node, the tree building means stormg the tree form rep- 
resentation in a tree buffer means: tree buffer means tor 
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storing the tree form representation: :ree coding means 
interconnected to *l»e tree buffer means and adapted to 
read a current tree form represenlalicn and to output the 
encoding from the tree form representation. The tree 
buffer means can include means for storing at least two 
uee form representaUons and the tree building means 
can be adapted to form a first of the representations 
white the tree coding means can be adapted to read a 
second of the uee form representations previously cre- 
ated by the tree building means. 
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Description 
Field of Invention 



5 rOOOIl The present invention relates to the field of data compression and In panicular. discloses an architecture for 
encoding coefficients thai, have been constructed as a result of a compression process. 

Bacltground of Invention 

TO [00021 The field of digital data compression and in particular digital Image compression has attracted great interest 

SiST'lHe field of digital image compressbn. many different techniques have been utilised Particuter. one 
Sr te^nLe" the JPEG standard which utilises the discrete cosine transfom, to transfom, standard see bkx:ks 
S^I^Sc^e^ingcosinecomp^ 
,5 sT asTS in Obtaining substantial compression factors. The heavy quantisation .s an example of a 

Sy- Shmque ^^^i ^ The JPEG standard also provKles for the subsequent loss less compression 

"eTSom, has been found to be highV suttable In representing data having disconto^uities such as sharp 
20 nrtnfts Such discontinuities are often present in image data or the like. 

S^. .n^^gTSL it be readily evident that the preferred embodiment is no, limited thereto. For ^J^njlesof the 
t^J rfJI««,n,loclicalions of Wavelet analysis to signals, reference is made to a sun/ey article entitled -Vtevelet 
^liTZsrZeTrapo^^n IEEE Spectrur^. October 1996 page 26 - 35. Por a discussion of the different 
. Z^<^s!!Z:i^^lZlr!.,^^^ -foronco .s made to ^velets for Computer Graph^', .. Stollin.tz et. 

St i!,re«lve ^ng o. a series of wavelet coer«:ients . o^e. to subs.ant«liy increase the speed of en- 
codng 
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Aspects of Invention 

100071 It is an object of the present invention to ameliorate one or more disadvantages of the prior art 

K IS^^l aspect of the invention there is provided an apparatus lor encoding a senes of coefficients 

Sap;edetem,ine2 size into a compact representation of said coefficients, said apparatus -ncludng. 

tree building means tor constructing a tree representadon of sad ^'"cier.uviidh leaf ^^^^^^^^^^ 
cien, values and internal nodes representing the number of bits needed to encode leaf nodes and child nodes of 

ue^'SSlnT^lrS^cod-ng said cons.mc.ed tree representation to produce a stream o. data including sa« 

compact representaton of said coefficients. 
p»091 According.oano.heraspec.ofmeinventionthereisp.ovidedamethodofe^^^^ 
Sap!ede.erm.ne2 size r.o a compact representetion of said coenic.en.s. saKl memod including. 

cons.nac.ina a ttee represenaton ol said coefficients wim leaf nodes representing coetficien. values and Wemal 
STfelirgX number of b..s needed .o encode lea. nodes and ch« nodes o. a current intema. node^ 
S^g SiJSSTi tree representation to produce a sUeam of da.a ^uding said compact represenlaticn of 

satd coefficients. 

100101 Accordu^g .o still ano^er aspect of ttie inven.ion mere is provided a computer program P^f "^'^'"J a 
Ser^dable medium having recorded hereon a computer program for encoding o. a «' = 

^l^rnimcd sue «..o a compact rcprcscnm.on of saKl cooffic-ente. said computer program produc. includrg. 

uee building means .or coos.nK:.»ig a .ree representation of said coefficients wrth leaf nodes '^P'^^^^^^^ 
cin. values and .n.emal nodes represen.ing the number of brts needed ,o encode leaf nodes and child nodes of 

ueTSn7r:::nTfor cod^g sa«l cons.n,c.ed .ree representa.o, .o procuce a s.ream o. da.a includ^g sa« 
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compact representation of said coefficients, 

[0011] According to another aspect of the invention there is provided.an apparatus for the creation of an encoded 
bit stream from a series of coefficients including: 

5 

hit Diane inout means for inputting said series of coefficients: ^ ^ . 

TpSTbit data valklity units interconnected to said brt plane «put means and to one another and adapted 
to fiS^id MeSient data into a predetemiined number ot groups and to further filter coefcents wrthm each 
gr,Slp Into feSfnV^^^ portions and non leading zero portions and to output saW bit data in bit plane by bit plane 
10 ryytkans and to further output signals indicative of said groupings; ^ , 

St meTs adajed to^ack said encoded bit stream into a contiguous stream from said outputs of sa«J 

bit data validity units. 

[0012] According to still another aspect of the invention there is provided a method for the creation of an encoded 
IS bit stream from a series of coefficients, the method including the steps of: 

inputting said series of coefficients: 

arouping said coefficient data into a predetermined number of bitplanes: 
grouping said coefficients within each group into leading zero portions and non leading portions: 
20 outpultinq said series of coefficients in groups of bilplanes: 

outputting data valid bits indicative of said groupings of said coefficents within each group; and 
packing said series of coefficients using said data vaW bits to produce sakl encoded brt stream. 

p)0131 According to another aspect of the invent«n there is provided a computer program ^"^^^^^'^f^"^'';^ 
putor readable m«lium having recorded thoroon a computer program lor the crcalon of an encoded bit sUeam from 
a series of coefficieots. the computer program product including: 

input means lof wiputting sakj series of coefficients: 

first orouo means for grouping said coefficient data into a predeiennined number of bitplanes: 
sScSdTro^nsL grouping said coefficients within each group into tead,ng zero pcrtcns and non leadmg 

S.'SI'means for outputt^g sakJ series of coefficients in groups of bitplanes: output means (or outputting data 

valid bits indicative of said groupings ol said coefficents withr each group: and 

^y^^^^^tcy^^sJsels of coefficients using the output data valkl bits to produce saKl encoded bit 

25 Stream. 

100141 Accorcno to still another aspect of the invention there is provuJed a method for the creatkjn of an encoded 
r^LJS. a sel^ i^tficienS the mc^drg a coefficient stream, each of said coefficients berg represented 
by a predetermined number of bits, sakl method including the steps of: 

inputting said coefficients, a bit plane at a time: 

detemwiing from said bit plane a most significant bit of each ol sakl coefficants: 
siorino those DOrtons of sakl coefficients whch are less than the most signlkant bit: 
S s^rS^tT^lant bit detem»nat«n and said portcns of sad coei.««nts to encode a decodable «ter- 
SlJr<S^irot sakl coetflcent stream «c.ud«g an rterteaved coeffic«nt magn«ude portcn stream and 
a coefficient portion stream. 

(001S1 According to sldl another aspect of the invenlkxi there is provided an apparatus (or encoding a series of 
coeffic:ents including. 

inout means (cr s«iuitaneously inputting said series of coefficients, one bit plane at a time: 
tZ^TZ^nL detem,inaUmeans interconnected to sa«l «,put means (or determuiing and stonng a most 

sr^ir^m^e^iri^— to^ 

TeTTkei means «tercornected to saKl bit pbne magnrtude detam,k,a,k>n means and ««J=~«J '^^-^/^ 
re^^a^edtoreadvaiuesandtoproduceadecodableuiterleavedccmp^ 
.nciucmg an ,n:eneaved coetfe.ent magnrtude portion stream and a coefficient portion stream 
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[00161 According to still another aspect of the invention there is provided a computer program praluct including a 
computer readable medium having recorded thereon a computer program for encodi^^ 

a coefficient stream, each of said coefficients being represented by a pred&temined number of brts. said method 
computer program product including: 

input means for inputting said coefficients, a bit plane at a time; 

determination means for determining from said bit plane a most significant bit of each of said coefficients; 
storage means for storing those portions of said coefficients which are less then the most significant brt; and 
encoding means utilizing said most significant bit detemiination and said portions of said coefficients to encode a 
decodable interleaved compact form of said coefficient stream including an interleaved coefficient magnitude por- 
tion stream and a coefficient portion stream 



Brief Description of the Drawings 
IS [001 71 Embodiments of the invention are described by way of example only, with reference to the drawings, in which: 

Fig. 1 is a high-level block diagram illustrating the image representation technique described .n the hereinnnen- 
tioned patent application; 

Fig. 2 is a diagram illustratiig partitioning described in the herein-mentioned patent application. 
20 Fig^ 3 is a now diagram illustrating the method of representing, or encoding, an image descnbed in the herein- 

mentioned patent application; 

Fiq. 4 is a detailed flow diagram illustrating the step of cod»ig a region in Fig. 3; 

Fig^ 5 is a flow diagram illustrating the method of decoding a coded representation of an image produced in ac- 
cordance with the method Fig 3: 
2S Fig. 6 is a detailed flow diagram illustrating the step of decoding a region in Rg. 5; 

Fiji 7A to 70 are diagrams illustrating the processing of a two^imensional, eight^oefficiant region in accoidance 
with the encoding and decoding method of Figs. 3 to 6; 

Fig. 8 is a block diagram of a general purpose computer: and . ^ ».«4 • 

Fii- 9 to 12 are flow diagrams illustrating an alternate method representing, or encoding, an image descrtoed in 
30 the herein-mentioned patent applicatksn: 

Ftg. 13 illustrates a form of wavelet transform coefficient encoder 

Fig. 14 illustrates a single level of the discrete wavelet transform process : 

Fig. 15 illustrates a second level discrete wavelet transform; 

Fig. 16 illustrates a full level discrete wavelet transform ol an image; 
05 Fig. 17 illustrates an block encoding process: 

Fig. 1 8 illustrates one example of a 4 x 4 bkxk of the encoding method : 

Fig. 19 illustrates the encoding methodotogy: 

Fig. 20 illustrates the coefficient output process: 

Fig. 21 inustrates a partition tree as utilised in the first, second and third prefened embodiments: 
40 Fig. 22 illustrates the structure of the coefficient encoder of a first preferred embodiment 

Fig. 23 illustrates the structure of the Uee builder of a first preferred embodiment; 

Fig. 24 illustrates the structure leaf node encoder of a first preferred embodiment; 

Fig. 25 illustrates a structure ol the tead'mg zero determiner of a first preferred embodrtent; 

Fig. 26 illustrates a structure of the tree coder of a first preferred embodiment 

45 FiJ 27 Illustrates the division of coefficients into groupings utilised by a second preferred embodtnent; 

Fig. 28 illustrates the structure of the encoder of a second preferred embodiment; 

Fig. 29 illustrates a single bit plane unit of Fig. 28: , ^ r- - 

Fig. » illusuates the structure of the packing logic of a second preferred embodiment of an encoder. 
Fig. 31 illustrates the structure of the A. B. C. D. E start extractor 130 of Fig. 30: 
so Fig. 32 illustrates the stmcture of the combiner unit of Fig. 30; 

Fig. 33 illustrates the coefficient encoder of a third preferred entxxJiment; 
Fig. 34 illustrates the pixel packer used m the coefficient encoder of Fig. 33 

FiJ 35 is a flow diagram of a method of oncodrg a series of coefficients tn accordance with the first preferred 

R^TsTflow diagram of a method for the creation of an ercoded bit stream from a series ol coefficients in 
accordance with second preferred embodiment: and , 
Fig. 37 is a flow diagram of a method for the creation of an encoded bit stream from a series of coefficients in 
accordance with the third preferred enrolment 
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Detailed Description 

rOOl 81 Where reference is made in any one or more of the accompanying drawings to steps andfor features, which 
have the same reference numerals, those steps and/or features have for^the purposes of this descnption the same 
function(s) and/or operation(s), unless the contraiy intention appears. 

[0019] Before proceediig with a description of the preferred embodiments, a description Is given of the image com- 
oression and decompression method disclosed in EP-A-0855e38. , „ ^ 

r00201 This method of compression and decompression is described In the following sections hereinafter entitled 
•1 0 Overview of SWEET Image Compression Method; '1. 1 ErKoding Process of First SWEET Image Compressiory 
Meihorf, '1.2 Decoding Process of First SWEET Image Compression Method'. -1.3 Two-Dimensional Example . and 
•1A Encoding Process of Second SWEET Image Compression Method: 

1 Q Overview of SWEET Imaoe Co mpression Method(s) 

IS ro0211 A high-level block diagram is illustrated in Rg. l to provide an oveiview of encoding method. An Input image 
102 is provided to the transform block 110. which is preferably a linear transform, to produce cotresponding transfonm 
coefficients li 2. A discrete wavelet transform (DWT) is preferably employed. . 

[00221 The twoKlimensional DWT of an image is a transform that represents the Image using a tow frequency ap- 
proximatksn to the inage and three high frequency detail components. Conventionally, these components are temied 

20 subbands Each of ihe four sub-images formed by the DWT is one quarter of the size of the original .mage. The low 
frequency image contains most of the information about the original image. This infomiation. or energy compaction, 
is the feature of the discrete wavelet transform image subbands that is expkjited for image compression. 
100231 The single-level DWT can be applied recursively to the low frequency image, or subband. an arbitrary number 
of trnes For example a three-level DWT of the image « cbtained by applying the transform once and then applying 

25 the DWT to the tow subband resulting Irom the ttansformation. Thus, this results in 9 detail subbands and one (very) 
tow Ireouency subband Even after three levels of OWTs. the resulting tow frequency subband still contains a significant 
amoJrt of intom«oon of the original image, yet is 64 times smaller (1/4 x 1/4 x 1/4). thereby effecting a factor of 64 .n 

nS^^H^ver other linear transformations lor decorrelating image data may be practiced. For example, a discrete 
30 cosine transfom, (OCT) can be practiced. The transfom, coefficients 112. or more specificalV the M sequences rep- 
resentkig their values, are then coded by the bit rearrangement btock 120 in an efficient fashion to provKle the coded 

SoS^^Td^ing process is simply the reverse of this encoding process. The encoded coefficients are decoded 
into the transfom. coefficenis. The (transfomn domain) image is then imrerse transfomied to form the ongmal image. 

35 or somo aDOfOxnwiion thereof. ■ u 

100261 Sfofeproceed»i9withafurtherdescriptioooftheembodiment8.abriefreviewoflerminotogyusedherei^^ 

8 provKJed For a b«ary nteger representatton of a number, "bit n'or -bit number «' refers to the braiy digfl n places 
to the left of the least si^lficant biL For example, assuming an 8-bit binary representatton. ttie decmal number 9 is 
^?^,2asOO(X)lOoT in this number. bitSis equal to l.whae bits 2.1.andOare equal toO^ 

40 FurthermoraatranslormmayberepresentedasamatrixhavingcoefftoentsarTangedinro^ 

coefficient represented by a bit sequence. Conceptually speaking the matrix may be regarded as having three dimen- 
Sl?^e dlS^enston « i!.e row directton; a second dimension in the column directton and a third dunens«n « the bit 
sequence direction. A plane m this three^mensional space, whfch passes through each bit sequence at the same 
bitnurTt)er ts called a bitplane or bit ptane. 

45 f0027] For transfomi coding apptocat«ns. the number of bits per coefficient required to represent «"9e 
if coemcienisisdetemiined by the lineartransform and the resolution Of each pixeUin bits per p«^^ 

Th« range oC values tor each pixel is typically large retathre to the values of most of jl^f 

thus rm^y coelficienis have a large number of leading zeros. For example, the number 9 has fouMwd^g ze^ n a 

e-bit representatton and has 12 leading zeros for a I6*it representation. The compiesson method and apparatus 

50 represents (or codes) these leading zeros, for btocks of coefT^ients. In an efficient manner The remainrg bits and 
sign of the number are encoded directly without modification. „,«^,«iinan 
IM281 To simplify and the description, the transfomn coefficients are assumed hereinafter to be «P'e*«\»«! ^ 
unsigned binaT-Itogor form, with a s«glo sign brt. That is. tho decimal numbers -9 and 9 arc roprcscnt«l wrth me 
samfbrt sequence, namely 1001. wrth .he fom«r hav«,g a sign bit equal to 1 to indicate a "^Q^"'*^^^"*-^^^ 

55 latter havng a sign bit equal to 0 to ndicate a posrtive value. The number of leading zeros is determuied by^ rar^ge 
t L transtom, ^ttioZis In usrg an integer representatton. me coefficients are implicitly already «^^"^;° 
nearest inlegervalue. although th.s .snot necessary Further (or the purpose of compressor,, any ■niomia.oncontauied 
in tractnnal bits is normally ignored 
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f00291 A region includes a set of contiguous image coefficients. The term coefficient is used hereinafter Werchanga- 
i^Jith pS however, as will be well understood by a person sklBed in the art, the fom,er « typ.cally used to refer 
to pixels in a transform domain (eg., a DWT domain). 

5 1 1 EncQdino Process of First SWPET Image Comorassion Method - 

r00301 Amoredetaileddescriptionofthefirstimagecompressionmethodisprovidedwimreferen 

SSl wTs Ta flow dagram illustrating the first image encoding method. In step 302. p«)cess,ng commences 

Eg an Sut ilge In step' 304. the input image Is transfomied us»,g a linear transfom«tK«. preferably a d^rete 

,0 waveleTt^s omi An Initial region is defined to be the whole image. For example, in the case of a thre^evel DWT 
rret^^gtlh^resultingcoefficientscons^^^^ 

ich Tba^i^ be processed separately, setting each inrtal region to the w^^^ 

?M321 SfSp 306 the most signifi«nt btt (msb) of the torgest absolute value of the transfom, coefficents .s deter- 
KJdapar^ete,^ 

,s ha«7h1nan/ value of 0O0O10O1 (decimal 9). the parameter maxBitNumbens set to 3. since the msb s bit number 3. 
SeS.Ca^rZLamJmaybe^ 

S^ing parameter specifies the precision of every coefficient in the transfom^d .mage and can be var«d as re- 
20 5^'STore^ple.amVfl7Nurn5erof3provid8sacoarserr^^^^ 

?S Optionany. the technique involves step 308, which provides an output header <n 

Kut S^ge. T?u,, in a practical implementation, header information is output as part d the ^^^^^^ 
For eLpIo, me output headormay contain infom«tlonabout the «,urceima9e^»|d^^^ 

me nl^er of levels of the DV^. the mean value of the DC subbard, the maxatNumfcer parameter, and the m,nB,t- 

rwXEntJ in step 310, each subband of the transfom^ed image is ceded separately in s.ef« 312 and 314. 
^S.bSr,Led irJtependently. in order from tew frequency to high frequency. For the DC subbandjhe mean 
STe^r^S^SS^ocoding and iledintothe header r^^^ 

Ts^rtnTT^tL region as L whole subband. In step 314. the region is encoded wrth 

30 ^'S.m^raspara2,eters.Thisprovidesahierarchicalcode.sinceta^^ 

into the bit stream before higher resolutions. Processing ternimates in step 316. „oj»,„„hori' «,iifld in 

PWSI Fig. 4 is a detailed flow diagram of the procedure 'Code ,^k>n(currBnt8^un^. "^"^J^^^ 
siM314 of Fig 3 for coding each region, where maxBitNumber is provided as the cumntO^umben Instep 402. 
. p^^tg S-ne^^The inputs to the region coding process of Fig. 4 include me c.,rrentS/fA/umt«ra«l mrnat- 

05 p^rSZTpreferably me memod » implemented as a recursive technique where me process » able to caB 

rti^iii a tSSS" region or sutnegion. However, me process may «,plemented in a non^ecursn/e rnannet 
Smt? in dL^bSk 404. a Check 6 made to detemnine if me cun8nf8/tWumtor parameter « less man the mm- 
Efclr S« Oherviflse. « decision bkxk 404 returns tnie (yes), nommg .s done and processing returns to 

^ less man m/nB/fAfumt«r. It decision block 404 returns false (~)- P«>"f»'"9 '^^^"^f block 
100381 In deciskjn block 408. a check is made to determine il me selected region is a 1 x 1 pixeL " «cBion block 
^turil2r^rSoc^"9 continues at step 410. In step 410. me 1 x i p«el is coded. Preferably mis involves 

ZJSti^me Lahing brts above me n»na«A/um/«r in me coded representatkx,. In 
S to Se i procedunTomen^se. it decision block 408 retums false (no), me reg«n cons«ts ot more than 

45 one Mfiffeient and orocessinq contmues at decisloo bk>^ ^ ^ « ^« 

SSjSTTdS^^ b^lc 41 J me selected regton Is checked to detemtine if it is signflcant That « me significance 
S^r JC«^ t!Sld^e regkjn s said to bThsignificant it me msb number ot each coefficient in me region « less 

S,Srr^rnE^atk.(l).Atagiv%nbitnumber.say«^^ 
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(1) 



where denotes the region and c.- denotes coefficient r/.i> in mis region. r— 
It^Tten btecK 414 retu^ false (no), processing continues at step 4i6 In step 416^ a value otO or fi^ 
tokcS « output in mo coded representation stream, and me cu,mr«8/fN«mbor parameter is dccronontod byl^ That 
rme nert tower brtplane of me region is selected for processing. Processing men continues at decsion block 404. 
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Where meregionisaga^ processed w«htheparan,etersc«.renrB«^^ 

:,r.UreLs.ar(yes). that the ^^^^^^ ^^^f^^"^^^^^ ^^O. the 

s algorrthm. The partHioning algorithm '^^^'^f ';;^'i3^^^ preferably ir,to 4 eqoal^ized (square) subre- 
[0042] Ir, this method square [«5'on ^^"^fj^^^^^ and ^ partitioned ir^to four equal- 

gions. AS shown in Fig. 2. the selected regoi (R) 200 f ^™ f "^""j , ^ ^ ^ where N is equal to MQ. This is 
Led subregtons 210, 212. 214 and 216. E^';^ me inrt«l region can 

not always possible depending on the size and shape of *e 'nrta^ regon^ it m s s p ^^^^^ 

[0043] In Step 422. each subregion is then coded reaionfrurrertB/fNamfcer, minBUNumber) 

2a coded as M 0 0' flowed by a sign bil '1 r 

. o n^^=» ^ P^p.. First S ^PPT imaoe Compression Method 
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deterrrine rt the regcn « s.gnrf«ant if dec.s«n blocK ^^^^^'^^J'^^'^^^i^y, 604. Othen«ise. if decision 

processing returns to the calling procedure. «„rftHftr iasinic: the decoder on which path of Ihe 
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simply as is Thus, the compression method advantageously represents the leading zeros. This method is very efficient 
in certain situations, namely for coding discrete wavelet transfomi image coefficients, which typically exhibit a large 
dynamic range. 

A lew coefficients typically have very large values, while most have very small values. 

[00531 An example of encoding a two-dimensional region including 4 r4 coefficients is descnbed with reference to 
Figs. 7A to 7D. The processing of the 4 x 4 region 700 of Fig. 7A is commenced with the maxBitNumber sat to 7 smce 
this is the largest bit number (bitplane) of all of the coefficients: 



200 


13 


-11 


-8 


-13 
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-4 


-3 


8 
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-2 


-2 
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-1 


-3 


-3 



[0054] The minBitNumber is set to 3. for Ulustraiive purposes. A header is preferably output in the coded represen- 
tation containing the maxBitNumber and minBitNumber. The process of coding ihe region 700 then follows, 
20 rooSSl At currentBilNumber = 7. a one (1) is output since Ihe regbn 700 is significant with respect to bit number 7 
(see decision block 404 408, and 41 4 and step 4i8 of Fig. 4). The region 700 is then partrtioned into four sub-regions 
(see step 420 of Fig. 4): the top left region 710. the top right region 712. the bottom left region 714 and the bottom right 
reqion 71 6 of Fig. 7A. Each of the subregions consist of 2 x 2 coefficients. 

r00561 The sub-regions 710. 712. 714 and 716 of Fig. 7A are in turn coded in the predefined processing sequence 
as shown of Fia 7B whoro a region 750 consists of four sub-regions 750A to 7500. The three arrows illustrated in the 
diagram indicate the order or sequence of processing, that is. top left sub-regioo 750A. top nght sub-region 750B, 
bottom left sub-region 750C, and bottom right sub-region 7500. respectively. „ . , , 

mOSTl The sub-region 710 of Rg. 7A is coded first (see step 422 of Fig. 4). For the currentBnNumberoquai to 7. a 
one(t)isoutputinthecodedrepresentat.on The sub-region 7i0is then partitioned into fourl x1 pixels havng decimal 
30 values 200 1 a -13 and 3. Each ol these coefficients is coded by outputting Ihe bits of each coefficient from the cur- 
remBUNumber = 7 to the minBitNumber^ 3 (see decision block 408 and step 410 of Fig. 4). A sign bit is then ou^iut 
if required Thus, the decimal value is 200 is coded as 11001 fdtowed by the sign bit 0. The «»ff^cient value 13 is 
coSd as 00001 with a sign bit 0. The coefficient value -1 3 is coded as 00001 with a sign bi^ 
value 3 is coded as 00000 (without a sign bit). The coded representation of each coefficient includes the tvw> 1 bits 
35 preceding the bits of coefficients •200* between the currentBilNumber ana minBitNumber This completes ihe coding 
of the top left sub-region 71 0. The coded output at this state is: 



50 



in 1001 0 00001000001100000 



[00581 The header rformation is not Shown in the foregoing expression. 

S The top right sub-region 712 is then coded (per Fig. 7B). A zero (0) is output for each of curreniafNurnber 
equal to 7 6 Tand 4. since the region 712 is insignificant with respect to these bit numbers. A one (1) s output at 
ZwntBitNumber = 3. since this bitplane is signifxant with respect to bit number 3. The sub-region 712 is partitioned 
into the four 1 X 1 pixels having values -11 . -8, -1 and -3. These decimal values are coded as brt value 1 wflh s|gn brt 
1. bit value 1 with sign bit 1 and bit values 0 and 0 without sign bits, respectively. Thus, at tho stage, the coded 
representation is as follows: 



llllOOlOOOOOlOOOOOl 10000000001 u u 0,^ 

_Tl-^^^3 
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rooeoi The bottom left sub-region 7U is then encoded. A zero (0) is output for each of currentBltNumber equal to 
Vis and 4 s^ce the region 71 4 insignificant with respect to these bit nun,bers. A one (1 ) « output at cur^ntB^. 
Wumt^erequal to 3. since this brtplane Is significant with respect to bitnumber 3. The sub-region ^J^J then part*^^^ 
imofourVxl pixels having values a i. 2 and -1. These are coded respectwely as binary value 1 with s.gn brtO. and 
5 binarvvalues 0,0 and 0 without sign bits. /av -^.^«.,tw^o,.K 

S Finally, the bottom right sub-region 716 having values -2. -2. -3. and -3 .s coded. A zero (0) .s output for each 
^LtBitNumber = 7, 6, 5 4 and 3 since the sub-region 716 is insignificant with respect to these bit numbers. No 

sign bits are output Thus, the coded representation Is as follows: 
111100100000100000110000000001111100000011000000000. 
10 [0062] The decoder simply mimics the encoding process to reconstruct the region from the coded representation as 

iliSelSing process can be made -smarter' In a number of ways. One such a 'smarter- way is depicted in 
Rg^b in this case, me magnrtude of the non-zero coefficients is each increased by half of 2 to the power of m,nB,t. 
Su/nSr TWs Is depicted in Fig. 7D. In this manner, the 'sn^rt' decoding processing generally reduces the mean 
IS ^Te eTtetZ^ the decoded and the original coefficients. Still further, the encoder can alternatively perform th,s 
(type of) operation, thereby leaving the decoder to use the simplest depicted in Fig. 7C. 

1 A Fncodino Process o< Second SWEE T Image Compression Method 

20 (00641 A coding process according to an alternate method is hereinafter described with reference to Figs^ to 1^ 
SoS Adiscretewavelettransformofanentiredigrtalimagecanbeperformedonablock-by-bkxkta^^^^ 
if me transfomiatkx, upon each block is a set of coefficients, which are essentially equivalent to a set of spata^^ 
corresponding coefficients of a discrete wavelet transfom, of the entire image. For example, froma prede.emi.ned se^ 
of coe^enls of a DWT (or an entire image, a portion or block of the digital »nage can be reproduced to a specf.ed 

25 detail Sotecting the prodotorminod sot of cocfficwnts from tho frequency domain amounts substantally to rcprosont^ig 

Abkx:kbasadOWTof ad,9rtal.mage 

^?e p^^Tdocompos'g an .mage ^.o a plurality o. bkxks and app^-ng the transform to -ch b^k .de- 
^en«y thereby substantially evaluating those DWT coefficients relevant to the current spatal kxatcn. THe advan- 
^"X."^^bkxk^sedL«formapproach.s.ha.abkxkcanbasub^^ 

» (substSf independent) from another block of the image Bkxrk-based techniques are rherently memory kxalaed 

and therefore are generally efficient when implemented usng computer systems. , 

^ Fig 9 is a now diagram illustrat^g the btock^ased encoding process accordng to the '^^^^""f "9 
S PrLssrg commences at step 902. In step 904. a header .soutput This «fom«ton P^e ^^bly r^udas me 
^grieK^ht and width, the bkxk size, the number of levels of the DWT. and two cod^g 

35 !>ndm,nmNumber Optionally, more or less header infomiation may be used depending upon the applcatnn. 

^^e^^Zl maxB^Numter can be selected in a vanety of ways. II the bicxk DWT s perlorrned on 
S^oe wiSp^ to coding of any of them, me maxe/fNumfcercan be chosen to be the MSB number of me targest 
^Si^^rilDvTbkJks. For example, if me tergest coellicient is 10000001 (decimal value 129). maxBr^ 
^1^7 s«:e the MSB is bit number 7. Attematively. a detem^inistic bound can be used^ 

40 by STtristom, and the resolution of the input image. Fo, example, with an 8^,rt «put image (level shifted to 7-brts 
Irsim) and the Haar transfom,. the largest MSB » bounded by J > 7 where J is the number of levels of the DWT. 
5 1^ bSkTare small, the selection ol th« parameter can have a significant eBect on compresscn. In s«xr* ^stances, 
l^e sShis^ed ways of selectrg maxSf A/umber may be employed. However, mis depends upon me specific ap- 

45 SbT The parameter mmSifWumtoerdetemunes me compression ratio versus qualrty trade off and can be vaned. 
F^LSe Orthogonal transfom«. a v^ue of 3 provides adequate ^age quality for 8-b«. grey-scale or 

f^i "?n\'J^ the image is decomposed Into blocks (or an image bkx* « lom,ed). The image s cte«mposed 
^^aZT<^^p«^9 However, nonn^erlapprg btock, may be emptoyed. The block of coefltoents 
be « brqe « me Se or^^l image, or as small as a block of 3 x 8 coefficients (for a mree-tevel tr^crtr.) For 
JLm^^aoclL«o^s ab?ockt.«^ 

mrco-tevcl DWT can ma^itain good coding efficiency by employing difforontal pulse cede modulatwn (DPCM) on the 

55 SSCntep ^'e a* btock Is level sh^ed and me transfom, . performed. Prefe^b,. a DWT ^^^^it'^ 
Svalues are level shifted Kor exarr^'e. by 128 .or an 3-b.t unage) to reduce or ehm^^ TlX J^!" „ me 
S^h spatial btock 01 the «iage .s translomied For a DWT. usualV some knowledge of me bkxk surrounding the 
current block is needed (and sun.larly lor me .m/erse DWT.. although this is net stretly required 
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[0071] In step 910. the block is coded using the maxBitNumber and minBitNumber parameters. Processing temni- 
S^artep'g^ljlorcodingablockisillustra^^ 

orocess of Flo 10 include the currentBitNumbersnd the m/nSrfWu/ntorparameters. With reference to s^ep 910 of Fig. 
9 the maxB^Nuwbehs input as the ajnentBitNumberparameXer. Preceding commences in step 1002. In decision 
bi<xk iwTa check is made to detemiine if the carrentBmmber is less than the minBitNumber. If deceion block 
1004 returns true (yes), processing continues at step 1006. In step 1006. execution returns to the calhng process 
Zeby indicating that every coefficient in the block has an MSB number less than the mmBitNumber. Othen«ise. if 
decision block 1004 returns false (no), processing continues at decision bkwk 1008. 

r00731 In decistoo bkjck 1008. a check is made to determine if a current block is significant. If decision bkxk 1008 
Ss firseS procLing continues at step 1010. In step 1010, a zero (0) is output in the coded representat«n 
2d me S^S/Sa^ris'decremented. that is. the next tower brt p^e is selected. Processing then c^tinues at 
deciston block 1004 Otherwise, If decision btock 1008 returns true (yes) processing continues at step 10 Z 

Sent J mfbtock. A btock is ^significant with respect to the car,en(atNumberit the MSB number of every coef- 
^^TmZ^Tlessti^anXt^ecuZntBitNumber.^^^^ 

currentBltNumber a tessthanVne minBitNumber. ' ^ ... , . „„ifi,o„f i« etor, 

ro0751 in step 1012. a one (1) is output in the coded representatton to indteate the bitplane is sign^cant. In step 
1014 the DC subband is coded. In step 1016. the btock detail « coded using the parameters J. «;nenffl,(A/am6er and 
minBitNumber In step 1018. executton returns to the calling procedure. Thus, given that the btock 6 s,gn,ncant. srteps 
ZT2 ToTJn6 ^Z^e carried out to use the (generalized) quadtree segmentatton to find all coefficients with aji 
MSB number greater than the minBitNumber. If the btock is significant, it Is partittoned ^f^JJ^,":^^ 
subband coefiient, and the btock coexisting of the remaining coefficients, referred to as the "btock detail" for level J 
since it represents the high frequency lnfom«tion about the btock of level J at all tower levels. 
100761 s,opl014ofFig.lOforcod.ngthcDCsubband«ilIust.atedindetailbytheflowdBgramofF.g.l2.That.s, 
fTiJ slxj« the proce« of coding a subband or sub^tock using cunentBitNumberarrd mmBiNu/nterparameters. 
fn'stl? ^rpniJ^g comm Jes. In deci^on btock 1204. a check is made to detem,m H me curren^Number 
iJ itSthS me minBitNumber If deciston btock 1204 returns true (yes), processing continues at step 1206 In step 
12^«^uJ^ returns to the calling procedure. Otherwise, if deciston bkxk 1204 returns false (no), processing con- 

S^'' In'2:tk51^tekT208 a check « made to detemiine if the (subband) btock size is 1 x ipoels^lf decistoo 
E2(S ^umT^rue (yes). process«g continues at step 1210. In step 1210. the l x 1 pixel « coded. Th« involves 
«Sut^J7t!^e MS betwwn m cunentBitNumberand the minBitNumber. inclusive, foltowed by as|gn btt if necessary. 

tJ" retms to the calling procedure ^ step 1212. Othe«»ise. « deciston btock 1208 returns false (no). 

'^"1 Sr^ttu aSt:''il*made to detem,^ if me (subband) btock is s^Hicant If deciston btock 

l2l4Lmsfalse(no).processingcontinuesatstep12l6.lnstepl2l6,azero(0)isoutpulinme^^ 

Z C^Jil^'^nLr ls decrlnented. Processing men continues at decis«n btock 1204. Omerw«e. rt dec««n 

iSo. me (subband) ilock s partittoned ^o four sub-btocks. In step 1222. each sub4,tock -^^J^-^^^ 
pLSJeters cu/rJ,l8/f A/«mber and minB,tNumber. by means of a recursive call to me process of F.g 1 2. In step 1 224. 

rSTHm^p'^eLTF:^^^^ 

Sore SmesuW,kScons6tsot only one pixel. «isc^ 

fs^^rei raTero (0) is output^, me coded representatton unUI me currentBitNumber^ 
l^rr m^Tubband sub4,tock) is signiftoant. If me subband (sub^tock) is significant, tt 
tesctose to equal as possible) s«b4,tock. and mese are coded in turn. A single coefficient, for example me DC coef- 
fic!^r« en^ by o^utting me coefficient bits from me cunentBitNumbertothe minBitNumber. Again, me sign » 
orelerablv onh/ outout if some of the coefficient bits are non-zero. , 

SSiTstTpi?^ofFig lOfacodingbtockdetailto^ 

^mences In decision btock 1l04.acheck is made to detemnine if the a^^ 

Sr7d^^ioJ b^k 1104 returns tme (yes), executton returns to mo calling procedure « step 1106. Omcn«se. d 
decision block 1104 returns false (no), processing continues at decision btock 1108. 

rooazi In decis«n bkxk 1108. a check is made to detemiine if me btock (detaiO is significant. If decision block 1108 
etums false (no) processing contrues at step 1110. In step 1110. a zero (0) is output in me coded representation and 
TZ^TsJl^^lrLrisdJen^e, Processing then continues at decis«nbkx:k 1104 0,her>«se. if dec««n block 

1103 returns true (yes), processing continues at step 1112. 
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(00831 lnstepl1l2,aone(1)isoutputinthecodedrepresentationtoindicatethattheblock(d^^^ 
STliU esZ of the high-low (HL). low-high (LH). and high-high (HH) frequency subtends .s coded. The HL LH 
and HH f equency subb^ds of each resolution are commonly referred to as AC subbands. Each of these subbands 
fs ^odedtSance with the process of Fig. 12. In step 1116. the block detail is coded us-ng the paranneters J-l^ 
cuX^/SlSrard minBitNumber& the btock detail exists) by means of a recursive call to the process illustrated 
in Fio 11 Execution returns to the calling procedure in step 1118. 

^1 Thus, the block detail for level J is processed to first teolate the MSB number of the tergest coefficient. This 
sSe by decrementing the a//ren/S//A/umber and outputting zeros until the block is s.gnfficant The block is ttien 
palZZ into the three high frequency subbands at level J and the bkxk detail for level J- 1 (rf J-1 « greater than 0). 
This oartilioning approach is motivated by the socaliedl/f type spectral models. 
pST^Th^ dSgprocessforthesecond method can be implementedbymime^^^^ 

'!^^ZT^^gV^a decoding methods and apparatuses represent digital image data in an efficient and flexible 
manner in which the representation is suitable for storing and/or transmitting images. The encoding technques can 
be usS «JeSi to rS^^esent an array of Iransfom, coefficients, and to provide an efficient representat«n by rep e- 
senfinV^image in th^discrete wavelet transfom, domain. In particular, the memods and apparatuses represent (or 
SSr^i^TJros Of blocks Of transfom, coeffic«n.s obtained from an input image. The technK,ues are effcient .n 
SrnS Suffering a good reproduction of the original image for a given size code and offering fast decoding^ Furjer 
m^n^^BS^ren^leinthatcoefficientsobtainedtromalineart^nslomwiti^ 

Je uTo?entropy coding. The advantageous aspects of the methods include me depth first nature of the ood^g^ 
FuTet S t^e of coding subbands. the advantageous aspects of the method include hierarchical coding of each 
subband separately. 

2. Preferred grrtoodimenira^ of Apparat us and Method 

[00871 The preferred embodiments of the apparatus and method provide for efficient and effective encoding to pro- 
duce the coded output of the image compression methods descnbed above. 

2 1 Preferred Embodiment (s) of Apparatus and Method 

roo881 Tumra initially to Fig. 1 3. there is iPustrated schematically an arrangement of the preferred embodiment(s) 
apS rLngemen. 1301 assumes that uipu. data is mput in the fomn of pixel <teja wj^d«c^| 
wavelenS,^^ i X3 so as to produce coefficient data 1 304 wh«h « then encoded by a coefficient encoder 1 305 
Tas loT^^tput encoded ««fficients 1306 whch are subsequently stored or transmmed depend«g on the 

S'^'^e'Sred embod«,ent(s) in acconlan^^ 
[^.J^Sr^wI^e^transformmeans lX3wh^ 

iiSSTTdSc'X'cir'^vetet transfom, process « given « many standard texts and « partcutor the afor^ 
SneJ 2S?yTto?nit2 et. al. In order to ass«t r obta^ing a proper understanding of cpeiatwn of the preferred 
^JSen^a r^Sw of the wavelet process will now be described with reference to the accompanymg drawings. 
^""Zl^ZZ^^o Fla 14. an'origina. ^ge 1401 . '--'-^t^l^^a^^-^^^^^^ 
own into four ^nages 1403-1406. The subimages or subbands are nom«By denoted 1X1. HL1 . l^l*^^""! ; 
■SeVsutx ^ me suwi^d names ideates level 1 . The U1 subband « a low pass decimated vers«n d the original 

SS^j Thewaveiettransfom,u.ilisedcanvaryandcaninclude.lorexample.Haarbasislunctions^ 
ISSST'^IeLLi subband is then in tumuUlisedandasecond Discrete W^^^^ 

Sn9rbi^l^408). HL2 (1409). LH2 (1410). HH2 (1411). This process is continued for e«^'e '""^ 

uat'e^'p^g^ore^ the a4 subband » iUustrated. me LL4 band <*««^"»" ^^f^ 

^^^e ban5 filter bank wnh me a4 subband bemg referred to as me DC subband. Obv«usly. turmer levels of decom 

iv«itirin can be orovtded depending on me size ol the input image. 
fST sJi^lovol Dm can », turn bo ^^^^ 

as a sdrids dt J-smqle level inverse DNA/Ts. ww—^*, 

TcodedlLge hierarchically can proceed by cod^g me OC subband Then, me remaking s«bbandfare 
S in tdJrJd^sing level. That is lor a 4 level DWT. the subbands at level 4 are coded after meDC subband 
?LuT"ha[?smt2r4?H4LHH4subbands The subbands a. level 3 (HL3. LH3. and HH3) are men coded, loltowed 
by those at level 2 (HL2. LH2 and HH2) and then level i (HLl. LH1 and HH1) 
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r00961 With standard images, the encoded subbands normaiV contain the -detail- information or energy informatron 
in ar, image. Hence, they often consist of a sparse array of values and substantial compression can be achieved by 
quantisation of the subbands and efficient encoding of their sparse matrix fomfi 

roosn In the preferred embodiment(s) of the apparatus, the coefficient encoder 1305 receives the coefficient data 
1304 from the wavelet transfomi unit 1303. Although the present inventiohtias applicatbn to image blocks o« any see. 
for ease of explanation it win be assumed that an image eg. 1700 as illustrated in Fig. 17 is broken «Tto 4 x 4 blocks 
1704 of p«els Nomially. the present inventmn will have application to image bkx:ks NxN. which are larger than the 
4x4 blocks. The 4 X 4 blocks are then independently fed to the wavelet transfomi unit 3 for wavelet transfonnmg with 
an enlarged view of the block 1704 illustrated in Fig. 17a. . ^ 

[00981 For most nomal images, it is known that the wavelet transfomn process results r most of the energy or 
significance appearing in the lower frequency coefficients. Turning to Fig. 18. there Is shown an example oujut 1 800 
of a standard wavelet process with the coefficients eg. 1802 being shown in a decirnal and ^^^^'"f^J^'^^ 
[0099] The coefficient encoder 1305 of Fig. 13 is responsible for encoding the coefficients'^ of each 4 x4W^ 
\n accordance with the second image compression method as described in the aforement»ned sectioo M En^^ 
Process of Second SWEET Image Compression Method' in an efficient manner. The coefficient encoder 1305 can 
also be modified, as will be apparent toaperson Skilled in the art to encode the c^^^^^ 

with the first image compression method as described »i the aforementioned section 1. 1 Encoding Process of First 
SwSnLe Compr^ion Method- in a simUar efficient manner. However, for the purposes of the description, the 
preferred embodiments are described with reference only to the preferred apparatus and method for implementuig the 
second image compression melhod, u ^^^4 

roiOOl The basic algorithm of the second image compression method relies upon the expected magnrtude of coef- 
Li Js for standard usages to efficiently encode me coefficients. Tum«g aga« to Fig. 15, it ^ ^-""^f '^^^^^ 
of the second image compress«n method that the coefficient 02 is likely to be the most signrficant folkDwed by HL2. 
LH2 HH2 and then (oltowed by the level 1 coefficients HL1 . LHl and HH1. 

roiOll The original coefficient matnx is then as illustrated 1900 n Fig. 19. In the second imago compress«n method, 
it is assumed that the coefficients take on 8-brt values .n accordance with the example as illustrated m Fig. 18. The 
preferred methodology is to sort the coefficients by magnitude and output a zero tor each "ead^ig zero o« 
significant magnitudecoefficient. Once a 1 value o. the binary coefficient is reached, the LL2 coeffic«nt 1902 .s e^ 
c<ied as it is assumed that this coefficient will always be the most significant. Next, the remam.ng coefficients 1 904 
are sorted in order of magnitude and a 0 Is output for each level of leading zeros until no more zeros are loft. Once 
this situation is reached, the HL2. LH2 and HH2 coefficients are split off and encoded 1906 leaving the remaining 

SS**"^e!SLning coefficients 1908 are then soded in order of magnitude and a 0 output for eadiremaini^^^ 

SaSg zero before a ^ value is reached. Once this » the case, the remaining coefficients 1910 

procei of pulling off the tower frequency coefficients is continued, depending on the size of the rput array until all 

the coefficients having been encoded and the nuB matrix is left 1912. 

[01031 In Fig 20, there is iHustfated an example of the operation of the second mage compre^«n method when 
encoding the 4 x 4 matrix 1 302 of Fi^ 1 3. Taking this example in detail, the coefficient having 
initially L most significant coefficient and has two leading O's. Therefae. two zeros are output 2002. 2004for ^ 
Swivels slI^^Next. the coe^^^ 

miTstb^^Tur^L^'Sol^^^^ 

L brt plane level nurnber At this bit plane, the bit plane of decimal value 17 « set whidi '"T'^^Tl^'^t 
ToceLa senesof coeftic.en.s2010(conespondingtolhecoeffic«nts 1906 of Fig. '^^•^^^''l^^^ 
Responding tocoelticients 1908 of Fig. 19. Subsequently. '^e"««'~'«''*9nrficant decimal value^ 
so a series of zeros « output at steps 2012. 2014 before outputting a one at bit plane level 3 (2016) «<*««*5y th« 
coefficients 20i8correspondingtotheHLl coefficients of Fig. 19. Whereabtockhasmorethanasmglepixelcoefficwnt 
T^rL is app.ied\BcursLly on each of the sets of coerKrien.s. hence, me algonthm « appli^ 
me HU coefficients LHl coefficients and HH1 coefficients. This necessitates me operat«n of a 
encode these coeflicients. Hence, add me step 2020 of Fig. 20 me current bit plane » agar b. plane level 3 and me 
coefficients corresponding to Ui^ are examined to detemnine if any are significant at m.s bit plane. As m« « not me 
case as zero is output 2020 foltowed by a 1 and me series of coefficients as illustrated 2022. Subs«^|entlyMhe HH 
coefficients are «Jopondontly recursed Irom brt plane level 3 ,2024) and a series of zeros are output 2024. 2026 untJ 
bit Diane i is reached where one value is output and the corresponding coefficients 2028. 

101051 The encoding system described so far is described « more detail in me aforementioned P^^^'fPPj^^ 
and details of ifs operatton can be found herein n me sectkx, entrtled 4 Encoding Process of Second SWEET 
Imaae Compression Method' ^ ^ «- . 

[01061 II .s an ob|ecl o( the prelerred errbodrments of the present invention to prov/rie for an effictent manner ol 
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orodiidna the coded output and coefficient output of the aforementioned image compression metliods. 

tJI d^^^of preferred embodiments can proceed through the initial realisation that the example ouJ,ut 
Sre^Fin^^ntiirepresentsapartitionstre^ 

S e^Se ^F^tS and Fig. 20 is as illustrated in Fig. 21 . In th« case, the internal nodes or c.cl^ contam the 
rS^SntJnS^r <? bis S repLent the pixels in sub trees below TheTeaf nodes eg. 21 02 contain me p«el data 
Z?Z ^uJZt tree nodes eg. 2104 further encode the number of bits needed to represent the paels .n 

SfJJTaTSlersing the tree stmcture of Fig. 21. from the root 2100 taking the left most brandi first, it is possfcle to 
S ^e^^ZJZ the minimum number of b«s as required. Hence, the following pseudo code can be ut.t.sed 

in the recursive processing of a partition tree. 

Void ProccssNode 

( 

Node n 

) 



int abits; 
nbits = n.key 

for all children of node n { 
if the child is a leaf 

output child with ^ nbits* bits 
else/*it is another internal node */ 

ProccssNode(child); 

} 

} 

[01091 GK/enanarray ofcoemcients. . ^possibtetoconstr^ 

by stiting at the right most bottom leaf of the tree 1606 which »s rKlateal ^-^^^ ^ J^^,^^^ 
S^a^dtherriSnumnumberdbits^^^^^ 

Li ^r^T^i r»defl at a certain level are fitted, each ol the nodes at a current level is examred (nodes 2106. 2120. 

cool- «m «. «« « r:;r;^a~ "r?^" c^™^ 

2122.2124,2126 and the value denved irom the prevKXJs nooe <jiio. mo pfot*»» » t» 
nodes until a root node is reached 

2 2 First Preferred Embodinnent 
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of the tree table 2202 by the tree coder 2204. The buffers being swapped at the end of the construction process, 
rami The tree coder 2204 is responsible for read^g the constmcted tree table from the root node do^r^ and 
encoding the pixels according to the >ralue set in the intemal nodes. The normal output of the tree coder 2204 can be 

loZ'TulZLTf -^^^^^^^ - illustrated one possible form 6rconstruction of the tree buHder 2200. The 

structire operates under the control of a control unit 2300 which can consist of a finite f f^^^^^J""^^]^/^^^^^^^^^ 
2200isresponsble tor building the tree(Fig.21)with appropriate output valuesbeingoutput2301tometreeteble 8^^^^ 

raiVsi The input coefficient values 1304 are fed to a leaf node encoder 1602 and an .nternj node encoder 2304. 
The leaf node encoder is responsible tor outputting the coefficient data 2306 with the intemal node encoder 2304 being 
ZoSS!^?orSrng the intemal node outp'ut data 2308. These values can be multiptexed 2310 to the output 

^Jer can be arranged as indicated in Fig. 24 Wherein coefffcient values are inrtialV stored 0^^^^^^ 

^ ScS Sf level 21^21 36 as indicated in Fig. 21 . A leading zero detemiiner 2402 is provided for detemiii^ing the 

nuSer oTbit required to represent the input coelRcients stored in a register array 2400 in additcn to the input values 

2312 Which canTnclude the lower intemal nodes of a current output node. The '^"^S^j^^/J^'^' 

sets of inputs is detemiined and output 2314 which is in turn ted back to the »item^ i>S, 

Turning to Fig 25. there is illustrated one fomi of leading zero determiner which is a first senes of comparaters 2500 

to determine me most significant bit ot all the input coefficient valuesandasecond series of com^^^^^ 

the maximum input node value A final series of comparaters 2504 determines the maximum of the two outputs from 

units 2500 2502 to produce a current internal node output value 2314. It will be understood that, at various levels. 

various input signals are not present. In such case, zero values can be utilised with the zero values having no effect 

on the leading zero determiner 2402. 

rOIISl Returning to Fig. 23 the intemal node encoder 2304 is responsible tor storing the leaf node encoder output 
values 231 4 for feeding back 231 2 to the leaf node encoder at the requisite time in addition to outputting intemal node 
outputs 2306 again at the requisite time under the control of the state machine 2300. ^ . . ^ 

(01161 It will therefore be evident that the tree bulkier 2200 of Fi^ 23 takes coefficient values as the mput and encodes 
the tree stnjcture o< Pig. 21 as rts output 

railT] Returning to Fig 22. the tree coder is responstole for reading the partitton tree stmcture o Fig. 21 from tree 
Lie 2202 and outputting the encoded data 1 306. The tree coder 2204 implements the algonthm process node as 
set out prevkjusly. The uee coder again can include a state machine and assocated storage and control circuitry for 
implementing the aforementkx>ed algorithm. « a 

[01181 Turning to Fig. 26. there is iOustrated an example fom, of the uee coder 2204 When an -ntema^node with 4 
[eaf nodes is erJountered by Intemal Node Coder 2602. the intemal node coder outputs a number 0^";;; « 1 to^er 
the signrficant bit plane to the required level. It also outputs the number of bits required to a coefficient condenser 2602. 
The coefficient condenser 2602 takes up to 4 coefficients picks up the require number of bits from ea* and p«ks 
them together. The data stream merger 2604 accepts the significance infomation from internal node coder 2602 and 
comprised coefficient from the coefficient condenser 2602 and packs them togemerHoi^^^ 
with all intemal chikJren nodes is encountered, on the signifiance infomratkxi is outputted. The control to tree coder 
2204 can consist ol a stete machine that foltows the stnjctureol the partitkM tree. ^ 
[01191 Tummg to Rg. 35. there is illustrated a method of encoding a series of coefficients n accortoice w* the first 
prltoied «L2imen?. In step 3500. any necessary parameters are ^»ial«ed and a series 
tom«d image are inputted. In the next step 3502. a tree representalton of these senes ol coefficients is ""sUucled 
ZueTSTstniCtcn begins by reading the input coefficient data in reverse order and computing the value of all the 
II^n^S2Va2iS 2120^118.2116.2104. and 2100 o« Fig. 21 in addition to storing the coelficient values jn 
c":^"t:^^?k^;'?hisda.a.prefe«bVst^ 

to consuuct a first tree while a prevtousfy contruaed tree is read out from the buffer. In the next step 3504. the con 
Sr^iullririi^Lion-sencode^^ 

The processing terminates at step 3506. . _ ^ ^w^^^inn nf 

[01201 II will therefore be evident that the first preferred embodiment provnles an efficient fonn ol ^^^^^ 
coefr«ient data and can be readily implemented in hardware so as to provide for high speed coe«ic«nt data encoding. 



2.3 Second Profcrrod Embodiment 



r01211 Tuminq to Fig 27. it can be seen therefore that a wavelet coefficient matrix can be divided into groups or sets 
S <x«ffic^n7s f^ ea«S separate tevel of encoding. The A coefficient at the level 2136 (Fig. 21) is the firs, coefficient 
tobe encoded TheBcoefficie«tsBl.B2 and B3are encoded at the level 2134 (Fig 21)ne«th^ 
areencodedatthelevel2l32(Fig.2l)asagroupfoltowedbytheDcoefficientsatthalevel21XandtheEcoeffic.ents 
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at the level 21 28 Such a lormat is preferably utilised in the encoder of the second preferred embodimenL 

t^il Vr^Z^ Pig. 28. there « illustrated 2800 one form of a high speed encoder wh^h. ^J^s as s .np^the 

coefficient matrU divided into bit planes from the least significant bit p^e 2804 to a most s'9n'ficant b, plane 2812. 

pTan^^are forwarded to identical bit plane units eg 281 4....2822. The outputs of the bit plana unrts are 
fo^S^to a pSng logic unit 2824 which outputs the encoded fom, bf the coefficient data. Outputs are also for- 

tSo Rg'?S"e^ is illustrated one form of b« p^e unft 2814. The bit p^e unit 28^taKes inputs 
Snd Si4'The in'puts 2902 include the 16 bits of the corresponding bit pbnes and me '"Pf ^^^'^J"*' 
date valid bits A - E from the previous bit plane unit. The bit plane unit outputs data valid bits A - E 2906 to a next brt 
r^e^tt-Tteo o^ut to the'pacKing togic un« are the 16 input date bits 2908 and the 5 date valid bits 2910. The bit 
plane unit implements the following logic equations with the 'V being logical OR operation: 

A = A' + Bit. 



B=B'+{BitB,*BitB2+BitB3) 
C = C'+(Bitc,+8itca+BitJ 
D = □• <-(8ito, + Bit(j2 ♦ Bito3 + BitQ^) 



30 



35 



25 E = E" * (Bitg, > Bitg2 ♦ Btta + 811^4) 

101241 Hence i can be seen that the bit plane units detem^ne when each groups ol coefficients A - E are M 
S 12 Turning now to rig 30. there is illustrated one form of implementetion ol the packing log«: arcurtry 2324 of 
So^ T^elSZ ic^ncludes an ABODE stert address extractor 3000 respons4)le for extractaig the stert ad- 
SLSsJS^^tut^tofdate valid bits. Further, aseriesofdatepack^ 

SSn^te ntTcontiguous units having coefficients ol a predetemtined size. The stert addresses 3011 and data 
^s^L^Se Stokers 3002 - 3010 are forwarded to a combiner unit X12 which comb^es the date to fomi 
f^td'SSSent stream X14 0. a predetem^ output size X16. The coefficient stream date « 
then fonwrLltoan output store 3016 for subsequent output M18 in accordance with requirem^^^^^ 
mT2al^ Se^Tvalid bits, it is possible to determine the sterling point c< each sets ol coeffioents A BCD 
The s^me^tTe A. B C O.E stert extractor 3000 can be as Ulustrated « Fig. 31. The date vald brts for 
^c^^^^e^X A E are forwarded to a correspond^g magnitude unit outputter eg 31 02 ^ch out^ 
the most Significant date bl This process is repeated for each '^^l/^'^^^J^ 
ir<!iirSS«.alookupteSie 3104 Which car bepre^afcufa.^ 
. Pstart in addrtion lo the total size 3108 of the coefficient data. 

piSl nC^g to F^ 30. the output from the A. B. C. 0. E stert extractor is forwarded to the comb^er unrt 3012 
ki ackiiion to the outouts from the data packers. , ^ ^ 

roSf ^umrg ^to F.g 32. there is .Hustrated the comber un« XI 2 of Fig » « more deteiL The cor*.ner unrt 
Sl JxisLtTaTn^ ot identical barrel sh«ers eg 3200 which can tetch the correspond«g date rputs eg. 
^ta^S^trthTc^l^UngpackerThedateinputsarebarrel^^^^^^ 

Ti^ rout (Astert) so that they are in the correct position. The outputs Irom the barrel shifters ^^^"^ T^,, 
SJrtoi^,l2o^put,'3202 whK:h forms the output date AddtionaRy. the tote, size value 3108 from the lookup 

SJ«rR*ur^gtoFtS''^^*^^ 

r^rd^^ me St^size vaSe 3204 o. F^ 32 wh.h « output Xl6 (Fig 30, with me final output date X18 

r^n'^^'^e be seen that the arrangement of Fq. 28 provides for a high speed system o« ---9 an 
S JiS^g cI «^fficients. The coefficient planes are anect^e^ deal, with n parallel and packmg al» occurs^ 
rX'^7-it ^er. me arrangement « ol a structured p^eSne fom«. leading «sell readier to p.peUne .mple- 

TZl d Sclts in ^ordance wrth me second embod:ment. In step 3600. any necessary parameters are inn 
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tialised In the next step 3602, a block of coefficients is Inputted. This block of coefficients are preferably coefficients 
of a wavelet transform which for the purposes of the description is an 4x4 array of coefficients with each coefficient 
having 8 bits In the next step 3604. the coefficient data is grouped into bitplahes. In the preferred embodiment of the 
high speed encoder shown in Fig. 28. the coefficient data is grouped as brtplanes and fed to the bitplane units 
2804-2812 in the next step 3606. the coefficient data is also grouped irrto zero and non-zero portions within each 
group A B C D E as shown In Fig. 27. For instance the coefficient data within B may be grouped as 00011111. The 
leading three zeros indicating the 7*'.6*, and 5* bitplanes within B all contain zeros. The following 5 ones indicated 
thatthe4* 3* 2""' i«« and 0* bitplanes each contain at least one nonzero. In the next step 3608. the bitplanes containing 
the coefficients are outtputted. In the next step 3810. data valid bits indicative of said zero and non-zero groupings 
within each group A.B,C.D. and E are outputted. There are 5 data valid bits for each outputted bitplane corresponding 
to the groups A,8 C D. and E. The data valid bit is indicative of the zero/non-zero groupings. For instance, in the 
example given above, the data vaBd bit for the 7* bitplane for the B group is one. In the next step 3612, the bitplanes 
comprising the coeffiecents are packed utilizing the data valid bits to produce the encoded bit sueam. The processing 
terminates at step 3614. 

2.4 Third Preferred Embodiment 

[01321 Turning now to Fig. 33. there is illustrated the operaikxi of the preferr«j third embodiment of the coefficient 
encoder 1 305 Inlhe third preferred embodiment, it is assumed that the input data 1 304 includes blocks of 4 x 4 array s 
20 with each coeincient having 8 bits. In Ihe third preferred embodimenl, the pixel dala is fed into the coelfic.eni encoder 
with one bitplane at a time being forwarded to the coefficient encoder, starting at the most significant plane. The mam 
operatkjnal corrponents of the coefficient encoder include a series of numbit registers 3302. a series of minimum pixel 
registers 3304 and a pixel packer 3306. 

[01331 The numbit registers 3302 are initially all reset on a new block being fonwarded to the coefficient encoder 

25 1305 The numbil rogetors mcludo a sot of 16 1 bit rogistors, one for each coolficiont. 3306, wheh are set upon the 
receipt of the first one from the bit plane input 1304. A bit plane number register 3308 is provided for coontng down 
the bit planes as they are input and a series of 16 3 bit registers are also provided 3310 for stonng the corresponding 
bit plana number when the 1 bit register is set. Hence, the 1 bit register 3306 is latched high when a 1 bit « received 
from the input with the corresponding level being latched within the 3 bit register 3310. Once a 1 bit status register 

30 3306 has bean set. further latchings do not occur. Eachof the 163bitnumbers33l0isoutputtoabankof comparators 
3312 which compare Ihe output value with the current bit plane number 3308. If the contents of the bit plane number 
counter 3308 is less than or equal to the corresponding value in the numbit register 3310. the plane data value is 
latched in the corresponding one of the minimum pixel registers 3304. Hence, the minimum paei registers store the 
coeffioents which are to be output and the numbit registers store the number of significant bits of each coefficient, "me 

35 pixel packer 33i4 accesses the minimum pixel register 3304 and the numbits registers 3302. The pixel packer 3314 
reads the contents of both the numbit registers 3302 and the minimum pixel registers 3304 to deternime how to pack 
their pixels together The output <rf the pixel packer is then the required bit stream. - ^ , 

(01341 The pael packer 3314 reads values from the numbil registers 3302 to determine the most significant bit of 
each ol the coefficients and reads minimum coefficient values from the minimum pixel registers 3304 so as to output 

40 the minimumcoefficient values and Os indicative of the numberof significant bits in the manner descrtoed with reference 
to the *7.4 Encoding Process Second SWEET Image Compiession Method: 

[01351 Fig 34 illustrates an example of such a p«el packer 3314. The pixel packer 3314 includes a finite sWe 
machne 3400 which knows the partitkjn strocture and accesses the relevant pixels from the numbit registers 3302 
and mrirtwm pael registers 3304 «i a predetemiined manner For instance, the DC pixel value is nomiaBy accessed 

45 first by the finite state machine 3400. The finrte state machine 3400 sends the relevant location to the mrmum pixel 
register reader 3402 and the numb it registers reader 3404 whtah retrieve the associated numbit value and mnimum 
pixel value The finite state machine 3400 then compares the current bit level with the nunrtoit value. InitlaOy the current 
bit level is set to the maximum number of bits. II the numbK value is less than the current bit level, then the finite slate 
machne 3400 first outputs to an output shift register 3406 a series of zeros equivalent to the difference behween the 

50 current bit number and the numb* number The finrte state machine 3400 then subsequently outputs the minimum 
pixel bit value to the output register 3406. Lasty the finite state machine 3400 sets the current bit level to the numb it 
level which is then stored on the heap 3408. However, if the numbit value is equal to the current bit value then the finite 
state machine 3400 only outputs the minimum pixel value. II is m this way, that the leading zeros portion are mtertoaved 
with the coeffiaent portions. ... . ^ .„ 

55 [01361 Assum«g the dimension ol the btock be HM. and there are K bits per pixel. It will take K cycle* to fill in the 
numbits registers and minimum pixel registers, and it will take U'Wi cycles to output the bitstream. assuming that the 
pixel packer can pack 4 pixels at one time where required 

pi 37] a course, many different alternative arrangements are possible. For example, the arrangement can be mod- 
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30 



35 



40 



, M r^,. thn minimum oixel rBgisters and numbit registers such that the pixel packer 331 4 is outputting 
b^TS t^e ZZZ pixel registers and the numbte registers are beir,g filled .or a -bsequ-' «x.r,g 
Zk^a SeTa t^^^^^^^ mLmum pixel registers 3304 can have fewer storage elements for the h,yer fr^ 

'^^th^n overflow o<Srs. Er«,rs can be el«ninated or reduced by the followng method: 

1 use the numbits registers to determine the magnitude of the pbcel. and insen a "1 " at the appropriate position 

'aS^srrbSpSrirb™^^^^^^ 

sto^STme pixll registers so that the bottom right pbcete have more storage elements than usual. The 

oacker has to be reconfigure to recognise the changed pixel positions. 
rHaJTa Xall re^^^^^^ instead of a minium pixel register, so that eve.y bit « every p«el is stored. 

rfti-«i It -rill therefore be evident that the third preferred embodiment provides an efficient form of rapid encoding of 

sj;rr^"er^^d«y^ 

[0139] TumingtoF.g.37.there^ssl^c«maflow^^ 

,s described with J^''* ,702 the coefficients are Input one bitplane at a time and the processing 

aflJ^^r^n s.^ r^X^^ bi. value Is determir,ed for each coelHcient In me region 

Thll^^t me Zx^sxeo 3706. alHhose portions of the coefficients in the regk:n which are less than 
presently berg ^'^'^''^^^'^^^^^^^^g continues at the next step 3708. where a series of zeros and coef- 

renr;:;s;:r::.r:«" 

step 3710. 

^ S Attematff Embodiment o* Aooafatus(s) 

~ =<«(«" 800 can ha« an, 0. 800 can t. 

804. a m«n»»v 806 .hioi may inciuda drnxts gwaially re|i«>«™»J by 

„O,«»««..80aj80»«^^^-^^^^^^ 

. block 812 .n r» I^I!Z.^mJm w^Tup. » a, o«»r o. a n.«« of nonwclaH. »»a9. a»k». 
J^Z^ ™ . b>» 8,4 m lu™, «n con„« o. "•"'J,!^"^:?^:^^ ™aB .ran m. con,p«t« 
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loregongismerely exemplary of me types of computers with which the embod^ientsoft^^^^^^ 
Typically the processes of the embodiments, described hereinafter, are resident as software or a p«)9ram recorded 
ZT^itZ drive (generally depicted as block 812 in Fig. 8) as the computer readable n^^";- fjJ^^^^^J 
SnUoTed using the processor 804. Intermedate storage of the program and pixel data and any data Jtoh^d from Uie 

s S^l^rbe accomplished using the semiconductor memory 806. possibly in concert with the hard d«k dnve 81 2. 
S 7s«^^ces. the program may be supplied to the user encoded on a CD-ROM or a floppy d«k (both 
qenerally depicted by block 812). or alternatively could be read by the user from the network via a modem device 
?^nSed to the cornputer. for example. Still further the software can also be toaded into the computer systern 800 
fr^ o?.^ liputer readable medium including magnetic tape, a ROM or integrated circuit, a "^^^^^ 

w a^o or »,f ra'ed transmission channel between the computer and another devee. a computer rea^le card such 
as a PCMCIA card and the Internet and Intranets including email transmisscns and infomiation recorded on websites 
Sd me like The foregoing is merely exemplary of relevant computer readable mediums. Omer computer readable 

mediums may be practiced wimout departing from me scope and spirrt of me invention. 

rai4fil •STfofeajinQonlydescribesas.Tiallnumberofembodimentsofmepr^^ 

IS SkS changesSn be made thereto by a person skilled in me art wimout departing from me scope of me «venton. 
?Ie present embodiments are. merefore. to be consdered in all respects to be Slustrative and not restnctn/e. 
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1. An apparatus for enccxJing a series of coefficients oi a predetermined size into a compact representation of said 
coefficients, said apparatus including: 

tree buikJinq means for constoicting a tree representation of said coefficients with leaf nodes representifig 
coefficient values and internal nodes representing iho number of bits needed to encode leaf nodes and chikJ 

nodes of a current internal node; * ^ • . ^- 

tree coding means for coding said constnicted tree representation to produce a stream of data mcluding said 

compact representation of said coefficients. 

30 2. An apparatus as claimed in daiml. wherein said apparatus further inclu^^ 

uee buffer means interconnecting said tree building means and said tree coding means for stormg said tree 
representation. 

3. An apparatus as claimed in claim 2. wherein said Uee buffer means includes means for storaig « 
repS!tet«ns and said tree buikJing means is adapted to fom, a first ol saxJ representat«ns said Uee 
c^ing mea« is adapted to read a second ol sak) tree representatkxis previously created by sa«l tree bu.Wing 
means. 

4. An apparatus as claimed in daim 1 . wherein sakl coeffkaents include wavelet coefficients. 

5. A memod ol encoding of a series ol coefficients of a predetemiined size mio a compact representatton ol sakl 
coefficients, sakj memod including: 

constnjctmg a tree representation of sakl coeffteients wtm leaf nodes representing coefficient values and n- 
SSl^represenUngmenumber 01 bteneededto encode leal nodesandchiW^ 

jSig sakl constnicted uee representatkxitoproduceaslreamol data including sakl «^ 

of said coefficients. 

6. A memod as claimed in claim 4. wherein said constmctkxi step includes constnxting sakl Uee in a dep* first order 
from a deepest leaf node. 

7. A method as claimed in claim 4. wherein said coding stop includes coding said tree representation in a breath first 
order to produce said data stream. 

8 A method as claimed in cla^n 4. wherein said series of coefficients are partitioned into a plurality ol groups of said 
coefficients in a predelermred manner wherein said constmction step includes 
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tiaversing in sequence said plurality of groups; 

storing for each group, the coefficient values ol the group in a said leaf node; 

detenTiining. for each group, the maximum most significant bit of the coefficients of the group and stonng such 
. in said internal node. _ 

9 A computer program product including a computer readable medium having recorded thereon acomputer program 
for encoding of a series of coefficients of a predetemiined size into a compact representation of said coefficients, 
said computer program product including: 

tree building means for constructing a tree representation of said coefficients with leaf nodes representing 
coefficient values and internal nodes representing the number of bits needed to encode leaf nodes and child 
nodes ol a current internal node; • , j- ^ 

tree coding means for coding said constructed tree representation to produce a stream of data including said 
compact representation of said coefficients. 

10. A computer program product as claimed in claim 9. wherein said tree building means includes means for 
strocting said tree in a depth first order from a deepest leaf node. 

11. A computer program product as claimed in claim 9. wherein said tree coding means includes means for coding 
said iree represeniaUon in a breath first order to produce said data stream. 

12. A computer program product as claimed in claim 9, wherein said senes of coefficients are partitioned into a plurality 
of groups ol said coefficients in a predetermined manner, wherein said tree building means includes: 
traversal means (or traversing in sequence said plurality of groups: 

means lor storing, tor each group, the coefficient values of the group in a said leaf node: 

means to, determining, lor each group, the maximum most significant bit of the coefficients of the group and 

storing such in a said internal node. 

13. An apparatus for the creation ol an encoded bit stream from a series of coefficients including: 

bit plane input means for tiputting said series of coefficients: 

a Dlural«v ol bit data validity units interconnected to sa«J bit plane input means and to one another and adapted 
to filler sad coefficient data intoapredetemiined number of groups and to further filter coefficients w^^ 

group «to leading zero portions and non leading zero portions and to output said bit data in bit plane by bit 
Diane portons and to further output signals indicative of said groupings; . . ^, 

pacKing logic means adapted to pack said encoded bit stream into a contiguous stream from sbkI outputs of 
said bit data validity units. 

14. An apparatus as claimed in claim 1 3. wherein said coefficients including a wavelet decomposition of data and said 
groups includes sub-bands of said wavelet decomposition. 

15. An apparatus as as claimed in claim 13. »*ierein said packing togic further includes: 

packing means for packing said groups mto packed groups; 

start address extraction means lor extracting the Stan address with^ each ol said groups; _^ ^ 
comomer means interconnected to said packing means and sart start address extraction means and adapted 
10 pack said packed groups into a continuous encoded bit stream 

1 6. A method for the creation ol an encoded bit stream from a series ol coefficients, the method ^eluding the steps of; 

inouttinq said series ol coefficients . 

3roup4 sa-d coolfic.ont oata into a prodotornimcd number ol bitplancs grouping saKl coefficients within each 

group rto leading zero portions and non leading portions: 

outputtrg said senes of coellicionts in groups of bitplanes; 

outputtrg data valkJ b«s indicative ol sakJ groupings of said coefficents within each group, and 
packing sarf senes ol coelfiaents using said data vaW bHs to produce sakJ encoded brt stream. 
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17. A method as claimed in claim 16. wherein said coefficients include a wavelet decomposition of data and said 
groups includes sub-bands of said wavelet decomposition. 

18. A method as claimed in claim 16. wherein said packing step further includes: 

packing said groups into packed packed groups; 
extracting the start address within each of said groups; and 
combining said packed groups to produce said encoded bit stream. 

19 Acomputer program product including a computer readable medium having recorded thereon acomputer program 
taJTe critSm)f an encoded bit stream from a series of coefficients, the computer program product ■nclud.ng. 

input means for inputting sakl series of coefficients ,ui,„,,„„ 
first aroup means for grouping said coefficient data Into a predetermined number of bitplanes 

s^Sup^eans for groupingsaidcoefficients within each 

S*^^eans for outputting said series of coefficients in groups of bitplanes: output meanslorou^^^^ 
vaW bits indicative of said groupings of said coetricents within each group: and ^^^^ 
jTking means for packing said series of coefficients using the output data vaM bits to produce saa encoded 

bit stream. 

2a A computer program product as claimed in cla«n 1 9. wherein sa.d coefficants include a wavelet decomposition of 
data and said groups includes 3ub^Jand3 of aakJ wavelet decomposition. 

21. A computer program product as claimed in claim 19. whoroin saki packing moans further includes: 

packing means for packing sakJ groups into packed packed groups: 

extractkxi means for extracting the start address within each of said groups: and 

combration means for combining said packed groups to produce said encoded bit stream. 

99 A method for the creation of an encoded bit stream from a series of coefficieflts. the including a coefficient stream 
i^hof^c^f^^^^^^ 

inputting sakl coefficients, a bit plane at a time; 

determining from said bit plane a most significant bit of each of said coefficiaits: 

stonng those portkxis of said coeffk:ientswhkrfi are less than the most signdi^tbt ^^^^.^ 

Snizmg sakl significant bit detemiinatkDn and sakl port«ns ol sakl coelIk:«nts to encode a decodable 
SSS^^tTom, of sakl coeffkrient stream including an interleaved coeffcient magnlude port«n 
stream and a coefficient portion stream. 

23. An apparatus for encoding a series of coefficients including: 

inout means for simultaneously inputting sakl series of coefficients, one bit plane at a time; _^ , . ^ ^ 
brtS^^^rtudTdetemiinLn means rterconnected to sa«l input means for detem,r.ng and stonng a 

S!^.SKe;mls interconnected tosaklb^p^e^^^^ 

L,«S,s and adapted toreadvaluesandtoproduceadecodableinterteavedcompacttomiofsaKl^^^ 
stream including an interleaved coefficient magnitude portkxi stream and a ooefffcient portion stream. 
24 Acompuierprogramproductincludingacomputerreadablemediumhavingrecordedthereonacomp^^^^ 
ter^Cg ll>ri08 of coetfk:«nts including a coefficient stream, each of sakl coefficients borg represented by 
a predetermined number of bits, sakl method computer program product mcludrg: 
input means for inputting sakl coefficients, a bit plane at a Ume: 

delemiinatkxi means for detemiining Irom said bit plane a most significant bit of each of coefici^ts. 
sfo^e means for stonng those portions of said coefTic^nts which are less then the most signifkant brt. and 
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encoding means utilizing said most significant bit determination and said portions of said coefficients to encode 
a decodable interleaved compact form of said coefficient stream including an interteaved coefficient magnitude 
portion stream and a coefficient portion stream. 

25. A signal carrying data encoded using the method of any one of claims 5 to 8. 16 or 22. 

26. A storage medium storing data encoded using tfie method of any one of claims 5 to 8, 16 or 22. 
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